Dystrophin, the protein defective in Duchenne muscular dystrophy (DMD), plays a critical role in the formation and maintenance of the neuromuscular junction. In addition to dystrophin, activation of internal promoters of the DMD gene leads to the production of several short products. Among these, Dp71, which consists of the C-terminal domain of dystrophin, is the most abundant product of the gene in nonmuscle tissues and brain. In this report, we compare the temporal and regional expression patterns of dystrophin and Dp71 at different stages of embryonic development and during retinal differentiation in zebra®sh. The Dp71 transcripts are the earliest to be expressed at 9±10 h postfertilization (hpf) in the axial mesoderm. As development proceeds, intense Dp71 staining is observed in the notochord, the developing brain, the marginal regions of the somites and the eye primordium. At the completion of retinal differentiation, Dp71 is expressed in the ganglion and inner nuclear layers. Transcripts encoding dystrophin have a slightly later onset of expression, 13±14 hpf, and remain restricted to the transverse myosepta through all the developmental stages examined. The complementary patterns of expression of dystrophin and Dp71 suggest that these two proteins exert different functions during embryonic development in zebra®sh. q
Results
Dystrophin, the protein responsible for Duchenne muscular dystrophy (DMD), is a cytoskeletal-associated protein of 427 kDa consisting of four distinct domains: an N-terminal actin binding domain, a rod-shaped spectrin-like domain, a cysteine-rich domain and a unique carboxy-terminal domain (Koenig et al., 1988) . Through these two latter domains, dystrophin binds in muscle to a complex of glycoproteins collectively known as dystrophin-associated proteins or DAPs (Ervasti and Campbell, 1991) . As a whole, the dystrophin complex is believed to protect muscle ®bers from damage induced by cycles of contraction and relaxation (Campbell, 1995) . There are several smaller forms of dystrophin generated from the DMD gene through differential promoter usage (Ahn and Kunkel, 1993) . One of these, Dp71, lacks the actin binding and the spectrin-like rod domain of dystrophin. To analyze the possible roles of dystrophin and Dp71 during zebra®sh development, we have compared their expression patterns at different stages of embryonic development.
The expression of Dp71 was ®rst detected by wholemount in situ hybridization at 9±10 h post-fertilization (hpf). At this early stage, the expression of Dp71 was restricted to the axial mesoderm giving rise to the notochord (Fig. 1B) . At the same stage, the expression of dystrophin was not detected (Fig. 1A) . By 14 hpf, the presence of dystrophin, however, was clearly observed in the nascent somites ( Fig. 1C,E) . As the myotome elongates and takes a chevron shape, the expression of dystrophin becomes restricted to the transverse myosepta through all the developmental stages examined (Fig. 1G,I ). At 24 hpf, no expression of dystrophin was detected in any other region but the borders of the somites. In contrast to dystrophin, Dp71 is widely distributed at 14 hpf. In addition to the notochord (Fig. 1F) , the strong staining for Dp71 extends over the entire body axis (Fig. 1D) . By 24 hpf, intense Dp71 signals were detected in the developing brain and the optic primordium (Fig. 1H ). Dp71 is also expressed, albeit at lower levels than dystrophin, in the transverse myosepta (Fig.  1H,J) .
To further de®ne the expression pattern of Dp71 during retinal differentiation, serial sections at different stages of embryonic development (36, 48 and 72 hpf) were hybridized with a Dp71 cRNA probe. These experiments showed that at 36 hpf Dp71 is expressed in all retinal precursors which, at this stage, span the entire retinal epithelium (Fig. 2A) . The developing lens also stained intensely, whereas no expression of Dp71 was observed in the pigmented epithelium. Shortly after, at 48 hpf, the classical lamination of the retina into three cellular layers becomes visible (Schmitt and Dowling, 1999) , and Dp71 continues to be detected in almost every cell (Fig. 2B) . At 72 hpf, when all the major cell types of the retina have differentiated, the expression of Dp71 was restricted to the inner and ganglion cell layers (Fig. 2C) .
We have also determined the chromosomal localization of the DMD gene on the radiation hybrid map of the zebra®sh genome (Geisler et al., 1999) . These results indicated that the dystrophin gene is localized to linkage group one, between the two simple sequence length polymorphism markers z5508 and z5058.
The intense and restricted expression of dystrophin in the transverse myosepta consisting of connective tissue (Kimmel et al., 1995) ®ts well with its role in maintaining the transmembrane link between the extracellular matrix and the cytoskeleton of the muscle ®ber. By contrast, the persistent spatiotemporal expression of Dp71 in the developing brain and retina suggests that Dp71 exerts different functions than dystrophin.
Materials and methods
Zebra®sh embryos were raised and maintained at 28.58C Retinal section at 72 hpf hybridized with a sense riboprobe. gcl, ganglion cell layer; ipl, inner plexiform layer; inl, inner nuclear layer; opl, outer plexiform layer; onl, outer nuclear layer.
as described by Wester®eld (1995) . For the in situ hybridization experiments on cryostat sections, embryos were raised in 0.003% 1-phenyl-2-thiourea (PTU, Sigma), starting at 12 hpf to prevent pigment formation.
Whole-mount in situ hybridization using digoxigeninlabeled RNA probes was performed as described by Jowett and Lettice (1994) . In situ hybridization on cryosections (8 mm) was performed as described by Stra Èhle et al. (1994) . The RNA probe for Dp71 was generated from a cDNA fragment 0.2 kb in length including the 5 H sequence speci®c to Dp71 (accession no. AF339032). For the dystrophin riboprobe, a 0.665 kb cDNA fragment spanning a region between nucleotides 539 and 1204 of the zebra®sh dystrophin sequence (accession no. AF339031) was used.
